Sustained overexpression of CYP1A1 and 1B1 and steady accumulation of DNA adducts by low-dose, continuous exposure to benzo[a]pyrene by polymeric implants.
Many carcinogenesis and tumorigenesis studies reported in the past several decades have relied upon bolus dose(s) of test compounds to determine their DNA damage and carcinogenic potential. The high doses are far from the human scenario where exposure is almost always to low doses and for long duration. In this study, we report a novel polymeric implant system that provides continuous ("24/7") exposure to low doses using benzo[a]pyrene (BP) as a model carcinogen. Cylindrical implants (1 cm length, 3.2 mm diameter; 10 mg BP/100 mg implant) prepared from polycaprolactone:F68 (9:1) showed controlled release in vitro for long duration. To determine the rate of release and biochemical effects in vivo, groups of female Sprague-Dawley rats received either no treatment or subcutaneous sham or BP implants (1 cm, 10% load) and were euthanized after 6, 15, 30, and 180 days; the average dose of BP by the implant route was 16.7 ± 3 μg/rat. For comparison, rats were also treated with a single bolus dose of BP intraperitoneally (10 mg/rat) and euthanized at 6, 15, and 30 days. DNA adducts analyzed by (32)P-postlabeling in the lung and liver increased steadily with time with levels reaching 31 ± 3 and 17 ± 6 adducts/10(9) nucleotides, respectively, after 25 weeks; the adduct burden in the mammary tissue initially increased but then declined with time presumably due to high cell turn over. In contrast, the bolus dose treatment showed the highest DNA adduct levels after 6 days, followed by a steady decline. The steady accumulation of tissue DNA adducts in the implant groups corroborates the sustained overexpression of CYP1A1 and 1B1, the cytochrome P450s involved in the conversion of BP to its electrophilic metabolites. In contrast, the overexpression of CYP1A1 and 1B1 resulting from the bolus dose of BP lasted only for a few days. This is the first demonstration revealing that low-dose, continuous exposure to environmental polycyclic aromatic hydrocarbons such as BP can render sustained expression of CYPs and steady accumulation of tissue DNA adducts. On the basis of our recent study in which we showed the presence of 17β-estradiol in the lung, the sustained overexpression of CYP1A1 and 1B1 due to continuous exposure to BP may increase the susceptibility to estrogen-mediated carcinogenicity.